A rapid technique for quantitative separation of ribose--methylated nucleosides from base-methylated and non-methylated nucleosides by chromatography on DEAE-cellulose paper in the presence of borate is described. The method has been used as an assay for tRNA ribose r.ethylases from yeast, using undermethylated Escherichia coli tRNA as substrate. The main product formed with a partly purified yeast enzyme was characterized as 2 '-O-methylcytidine.
INTRODUCTION
During the last few years, a variety of enzymes capable of methylating ribonucleic acids in different positions in the bases have been to some extent purified and characterized (1, 2) .
Although much work has also been directed to methylation of the ribose moiety of tRNA (3, 4, 5) , progress has teen comparatively slow. Most of the work on ribose methylation has been done with crude extracts and with no or little attempt at characterization of the products. The reason for this is probably that a rapid and easy assay technique has not been available.
In this communication, we describe a rapid technique for a quantitative chromatographic separation of ribose-methylated nucleosides (Nm) from base-methylated nucleosides (nM) and non--methylated nucleosides (N). The technique is based on the principle that a methyl group at the 2 '-0-position in the ribose prevents the formation of a nucleoside-borate complex. N and mN readily form complexes with borate, which are retarded on DEAE--cellulose, while Nm migrates almost with the front. This technique has been used as an assay method for tPNA ribose methylases from yeast. After incubation of undermethylated E. coli tPNA with 14 C-labelled §-adenosylmethionine (SAM) and the enzyme fraction, the tRNA is reisolated ana degraded to nucleosides with snake venom and alkaline phosphatase. The hydrolysate is chromatographed on strips of DEAE-cellulose, previously impregnated with boric acid, with water as solvent.
The front region of the strip is scanned for radioactivity.
This method has the advantages of being rapid, easy to perform, quantitative and inexpensive. Besides, the products (Nm) may easily be eluted for further characterization. Preparation of tRNA methylase. An extract was prepared from Saccharomyces cerevisiae, strain D38 (11), as already described (12) . The extract was fractionated by ammonium sulphate (AS)
MATERIALS
precipitation. The fraction precipitating between 4 5 and 50% AS saturation was dialyzed against 50 mM Tris-HCl, pH 7.5, and used as a source of tRNA ribose methylase. The preparation of tRNA methylase from E. coli IB5 (13) has been described earlier (12) .
In They were then pressed between tissue papers to remove excess of the boric acid solution and finally dried in air. The nucleoside solution to be analyzed was applied 1 cm above the lower edge under a flow of warm air. Ascending chromatography was then performed in a small tank with water as solvent. When the front after about 50 min had reached the upper edge, the paper was dried and scanned for radioactivity.
To simplify the measurements, the paper was cut at 10 cm and the upper part rechromatographed for about 10 min to concentrate the Nm at the top. After drying, the top was cut off (2 c m ) , and the radioactivity was determined in a liquid scintillation counter. With C samples on 3 cm^ DEAE-cellulose paper strips, the efficiency of counting, including quench effects, was about 55%.
RESULTS
Chromatography of nucleosides on DEAE-borate paper
The chromatographic technique described in Methods was t e s t e d with ordinary r i b o n u c l e o s i d e s , deoxyribonucleosides and ribose--methylated nucleosides. The ordinary ribonucleosides and mN were r e t a i n e d at or near the s t a r t i n g l i n e , while dN and Nm t r a v e l l e d with high Rp v a l u e s , as exemplified in Fig. 1 . Thus, the system allows for a q u a n t i t a t i v e separation of Nm from N and mN. 
Effect of pH
The pH of the borate solution had some influence on the Rp values of the nucleosides. Fig. 2 shows that pH 5 gives the best separation of U and dU, and this pH was accordingly chosen for the routine technique. 
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Capacity of the DEAE-borate paper
Under our conditions, a DEAE-borate paper strip of 1.5 cm breadth can be loaded with up to 0.4 mg of hydrolyzed RNA and still give a quantitative separation of Nm from H and mN.
Location of S-adenosylmethionine
Since it is often difficult to remove completely all labelled SAM during recovery of methylated tRNA, it was necessary to ascertain that remaining SAM does not interfere with the measurement of Nm. We have verified that SAM with its free hydroxy groups in 2' and 3 1 position readily forms a borate complex and appears in the nucleoside region.
Enzymatic formation of Nm in vitro
Undermethylated E. coli W6 tRNA was methylated with the 15-50%
AS fraction of a yeast extract, hydrclyzed and chromatographed on DEAE-borate paper as described. Fig. 3a shows the distribution of radioactivity after the first chromatographic run. The base-methylated and the ribose-methylated nucleosides are well separated, although mN has been largely displaced by salts.
After rechromatography, as shown in Fig. 3b , Nm is accumulated at the top and better separated from mN. Recently, Al-Arif and Sporn (9) have devised a paper-chromatographic system for isolation and fractionation of Nm in the presence of borate. Although this method is suitable for analysis of Nm produced enzymatically in vitro, it seems to be somewhat complicated and time-consuming as an-assay technique. Pike and Rottman (39) describe the separation of N and Nm on a DEAE--cellulose column in the presence of borate. This method seems to be excellent for analytical purposes but too laborious as an assay technique.
The technique described in this communication was devised for routine tests of tRNA ribose methylase activity. Since tRNA methylases seem to be rather unstable after some degree of purification (10, 20, 21) , it is desirable that the assay is fast.
Our procedure involves a degradation of RNA with snake venom, which is the rate-limiting step. To ensure complete hydrolysis of RNA to nucleosides we have incubated for 36 h. However, al- 
